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METHOD FOR USING A MEMORY DEVICE
WITH A BUILT-IN MEMORY ARRAY AND A
CONNECTOR FOR A REMOVABLLE
MEMORY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s related to “Memory Device with a Buailt-
In Memory Array and a Connector for a Removable Memory

Device,” U.S. patent application Ser. No. 11/731,511, filed
herewith, which 1s hereby incorporated by reference.

BACKGROUND

Some “hybrid” memory devices comprise both a rewrit-
able memory array and a one-time programmable memory
array. While there are certain advantages to having both types

of memory arrays 1n a single memory device, the usability of

such a memory device may become limited after the one-time
programmable memory has been completely written to. That
1s, because one-time programmable memory cells cannot be
re-programmed, eventually, the one-time programmable
memory array will lose all of 1ts programming capability and
clfectively become a read-only memory array. As such, only
the rewritable memory array of the memory device would be
available for write operations. This reduces the value of the
memory device to the end user.

SUMMARY

The present invention 1s defined by the claims, and nothing
in this section should be taken as a limitation on those claims.

By way of introduction, the embodiments described below
provide a method for using a memory device with a built-in
memory array and a connector for a removable memory
device. In one embodiment, a determination 1s made regard-
ing whether a removable memory device connected to a first
connector of a memory device comprises a memory control-
ler, wherein the memory device comprises a second connec-
tor configured to connect to a host device and also comprises
a built-in memory array. If 1t 1s determined that the removable
memory device does not comprise a memory controller, cir-
cuitry in the memory device 1s used to control read/write
operations to a memory array in the removable memory
device. If 1t 1s determined that the removable memory device
does comprise a memory controller, the memory controller 1s
used to control read/write operations to the memory array in
the removable memory device. In another embodiment, data
stored 1n a built-in memory of a memory device i1s read,
wherein the memory device comprises a first connector con-
figured to connect to a removable memory device and a sec-
ond connector configured to connect to a host device. The
data 1s then stored 1n a memory array of a removable memory
device connected to the first connector. In yet another
embodiment, a connection of a removable memory device to
a first connector of a memory device 1s detected, wherein the
memory device comprises a second connector configured to
connectto ahost device and also comprises a built-in memory
array, and wherein the removable memory device comprises

a memory array storing pre-loaded content. The pre-loaded
content 1s read from the memory array in the removable

memory device, and the read pre-loaded content 1s stored in

the built-in memory array of the memory device. Other
embodiments are disclosed, and each of the embodiments can
be used alone or together in combination.
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The embodiments will now be described with reterence to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an illustration of a memory device of an embodi-
ment connected with a host device.

FIG. 2 1s an 1illustration of an embodiment of top and
bottom sides of a removable memory device with a memory
controller.

FIG. 3 1s an illustration of an embodiment of top and
bottom sides of a removable memory device without a
memory controller.

FIG. 4 1s an illustration of a removable memory device
connected with a memory device of an embodiment.

FIG. SA 1s an 1llustration of a memory device of an embodi-
ment with a switch positioned to connect a removable
memory device to circuitry of the memory device.

FIG. 5B is anillustration of a memory device of an embodi-
ment with a switch positioned to connect a removable
memory device to a host device by by-passing circuitry of the
memory device.

FIG. 6A 1s an illustration of how circuitry 1n a memory
device of an embodiment determines that a removable
memory device has a memory controller.

FIG. 6B 1s an 1illustration of how circuitry 1mn a memory
device of an embodiment determines that a removable
memory device does not have a memory controller.

FIG. 7 1s an illustration of an archive operation of an
embodiment in which both data and 1ts associated data struc-
tures are achieved 1n a memory array of a removable memory
device.

FIG. 8 1s an 1illustration of an archive operation of an
embodiment 1n which data 1s achieved 1n a memory array of
a removable memory device without 1ts associated data struc-
tures.

FIG. 9 1s an 1llustration of an embodiment for transierring,
pre-loaded content on a removable memory device to another
memory device.

FIG. 10 1s an 1illustration of an embodiment in which a
removable memory device 1s used 1n a host device, such as an
MP3 player.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

Turming now to the drawings, FIG. 1 1s an illustration of a
memory device 100 of an embodiment connected with a host
device 200 (not shown to scale). The host device 200 i1s a
device that can read data from and/or write data to a memory
device. Examples of a host device include, but are not limited
to, a personal computer (PC), a notebook computer, a hand-
held computer, a handheld email/text message device, a hand-
held game console, a digital media (e.g., MP3) player, a cell
phone, a video player (e.g., a DVD player or a portable video
player), an audio and/or video recorder, a digital camera, a
set-top box, adisplay device (e.g., a television), a printer, a car
stereo, and a navigation system. Also, a host device can con-
tain mixed functionality. For example, a host device can be a
cell phone that, 1n addition to being able to make and receive
telephone calls, 1s also able to play digital media (e.g., music
and/or video) files. Data can include, but 1s not limited to,
digital media content, such as an audio file or a video file (with
or without audio), an 1image, a game, a book, amap, a datafile,
or a soitware program. The memory device 100 can take any
suitable form, such as a memory card or stick. Also, as used
herein, the phrases “connected with (or to)” and “coupled
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with (or to)” are used interchangeably and mean directly
connected/coupled with/to or indirectly connected/coupled
with/to through one or more components, which may or may
not be shown or described herein.

As shown 1n FIG. 1, the memory device 100 comprises a
built-in memory array 105, a first connector 110 configured to
connect to a removable memory device 300, a second con-
nector 120 configured to connect to a mating connector 220
on the host device 200, and circuitry 130. The built-in
memory array 105 can take any suitable form, and, 1n one
embodiment, 1s a flash memory array. It should be noted that,
instead of tlash, other types of non-volatile solid-state memo-
ries can be used. In this embodiment, the built-in memory
array 105 1s a rewritable memory array; however, in other
embodiments, lower endurance (e.g., few-time program-
mable or one-time programmable) memory arrays can be
used. The term “built-1n” refers to the fact that the memory
array 105 1s not intended to be removed by the end-user of the
memory device 100. As such, the built-in memory array 105
can be located within a housing of the memory device 100 1n
such a way as to make 1t not easily accessible by the user (e.g.,
the user would need to open or destroy the housing to gain
physical access to the memory array 103). In contrast to the
built-in memory array 105, the removable memory device
300 (connected to the first connector 110 of the memory
device 100 via mating connectors 310) 1s intended to be
removable by the end-user of the memory device 100 and, as
such, 1s easily physically accessible to the end user. Prefer-
ably, the built-in memory array 105 has a storage capacity
suificient to store data sent by the host device 200 for storage
on the memory device 100. As such, the bult-in memory
array 105 preferably has a greater storage capacity than a
local memory used to store firmware or other small amounts
of data for use by a processor on a conventional memory card
adapter.

The memory device 100 also comprises circuitry 130. The
circuitry 130 can be designed to perform any suitable func-
tion. In this embodiment, the circuitry 130 1s operative to
control read/write operations to the built-in memory array
105. As such, the circuitry 130 controls a write operation to
store data, sent by the host device 200, 1n the built-in memory
array 105, and controls a read operation to read data from the
built-in memory array 103 and return it to the host device 200.
Other possible and alternative functions of the circuitry 130
are described below. It should be noted that “circuitry” can
include one or more components and be a pure hardware
implementation and/or a combined hardware/software (or
firmware) implementation. Accordingly, “circuitry” can take
the form of one or more of a microprocessor or processor and
a computer-readable medium that stores computer-readable
program code (e.g., software or firmware) executable by the
(micro)processor, logic gates, switches, an application spe-
cific integrated circuit (ASIC), a programmable logic control-
ler, and an embedded microcontroller, for example.

In this embodiment, the non-volatile, solid-state memory
array 1n the removable memory device 300 comprises a
lower-endurance memory array 305 than the built-in memory
array 105. (“Endurance” refers to how many times a memory
cell 1n a memory array can be reliably programmed. Storing
multiple bits per memory cell 1s one reason why a memory
array may be lower endurance.) For example, if the built-in
memory array 105 1s a rewrnitable memory array (i.e., a
memory array with memory cells capable of a very high
number of rewrites), the lower-endurance memory array 305
can be a few-time programmable memory array or a one-time
programmable memory array. (A few-time programmable
memory array can be written mto more than once but not as

10

15

20

25

30

35

40

45

50

55

60

65

4

many times as a rewritable memory array.) As another
example, 1f the built-in memory array 105 1s a few-time
programmable memory array, the lower-endurance memory
array 305 can be a one-time programmable memory array
(1.e., a memory array with memory cells that, once pro-
grammed, cannot be reprogrammed). For purposes of 1llus-
tration, the following example will assume that the built-in
memory array 105 1s a rewritable memory array and that the
lower-endurance memory array 3035 1n the removable
memory device 300 1s a few-time or one-time programmable
memory array.

When the removable memory device 300 1s connected to
the memory device 100, the memory device 100 becomes a
“hybrid” memory device since 1t has different endurance
memory arrays: the relatively higher-endurance built-in
memory array 105 and the relatively lower-endurance
memory array 305 of the removable memory device 300.
There are many advantages of using a hybrid memory device.
For example, because lower-endurance memory arrays are
typically less expensive than higher-endurance memory
arrays, a hybrid memory device can be less expensive than a
memory device that uses higher-endurance memory arrays to
provide the same storage capacity. However, given the limited
number of writes that can be performed to lower-endurance
memory arrays, the lower-endurance memory array 303
needs to be judiciously used. For example, 1t may be pretferred
to write data that will frequently be updated 1n the rewritable
built-in memory array 105 and to write archive data, which 1s
not likely to change, 1n the lower-endurance memory array
305. U.S. patent application Ser. Nos. 11/529,555 and
11/529,582 provide more information and techmques for
using a hybrid memory device with rewritable and one-time
programmable memory arrays. Both of those applications are
assigned to the assignee of the present application and are
hereby incorporated by reference.

As lower-endurance memory cells are written into, they
reduce the overall available storage capacity of the memory
device 100 (either because a programmed one-time program-
mable memory cell cannot be reprogrammed or because a
few-time programmable memory cell loses some or all of 1ts
number of re-writes). Further, even with judicious use of the
lower-endurance memory array 305, over time, the lower-
endurance memory array 305 may become full or lose 1ts
limited re-write ability. When this happens, the lower-endur-
ance memory array 305 elfectively become a read-only
memory array. IT the lower-endurance memory array 303
were also built-1n to the memory device 100, the overall value
of the memory device 100 to the end user would be reduced,
since only the rewritable built-in memory array 105 would be
available for write operations. However, because the lower-
endurance memory array 303 1s part ol a removable memory
device 300, the removable memory device 300 can be
replaced with another removable memory device to provide
the memory device 100 with additional storage capacity. By
allowing the end user to extend the storage capacity of the
hybrid memory device 100 1n this way, the end user avoids the
expense ol buying a new hybrid memory device.

The removable memory device 300 can take any size. For
example, the size of the removable memory device 300 can be
the same small-form-factor size as currently available ofl-
the-shell memory devices, such as, but not limited to, a
microSD™ card from SanDisk Corporation. Such memory
devices typically include a rewritable memory array and a
memory controller to control read/write operations to the
rewritable memory array. Because the memory array 1is
rewritable, the memory controller 1s typically integral to the
function of the memory device and fully utilized throughout
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its life. The utilization of the memory controller 1s heavily
weilghted to writing of data since reading of data 1s a relatively
processor-light operation. However, when the memory array
1s a lower-endurance memory array, the full capacity and
usefulness of the memory controller in the removable
memory device will become redundant early 1n the lifetime of
the removable memory device. For example, when a one-time
programmable memory array loses all of its write capacity,
the need for the write capability in the memory controller
becomes redundant. As such, the cost of the memory control-
ler 1n the removable memory device detracts from the value
gained by using a lower-endurance memory array in the
removable memory device. To reduce costs, in this embodi-
ment, the removable memory device 300 1s designed without
a memory controller. (In other embodiments, a removable
memory device has both a lower-endurance memory array
and a memory controller to control read/write operations to
the lower-endurance memory array.) Because the removable
memory device 300 does not have amemory controller, in this
embodiment, the circuitry 120 1s also operative to control
read/write operations to the lower-endurance memory array
305.

If the removable memory device 300 1s sized like other
small-form-factor memory devices with memory controllers,
the memory device 100 can contain additional functionality
to enable 1t to also be used as an adapter for such devices.
Adapters for small-form-factor memory devices with
memory controllers (such as microSD™ cards from SanDisk
Corporation) are available to allow such memory devices to
be used with host devices having a full-size SD™ memory
card slot. However, such adapters do not contain a built-in
memory array and the circuitry for storing host data as
described above. Equipping the memory device 100 with
adapter functionality adds value to the memory device 100, as
it can be used both as a hybrid memory device as well as an
adapter.

It should be noted that a removable memory device without
a memory controller will likely have a larger pin-out than a
removable memory device with a memory controller. For
example, 1n this embodiment, a removable memory device
with a memory controller has exposed electrical connectors
310A on only one side (here, the bottom—see FIG. 2),
whereas a removable memory device without a memory con-
troller has exposed electrical connectors 310B, 310C on two
sides (here, the bottom and top—see FIG. 3). In order to
ensure that the same physical interface of the memory device
100 can be used despite the larger pin-out of a removable
memory device without a memory controller, 1n this embodi-
ment, the memory device 100 has electrical connectors 110A,
110B that can mate with exposed electrical connectors on
cither the bottom or the top and bottom of a removable
memory device (see FIG. 4). Of course, other designs can be
used. For example, mstead of placing exposed electrical con-
nectors on both sides of the removable memory device,
exposed electrical connectors can be placed on a single side of
the removable memory device, where removable memory
devices without a memory controller would have more
exposed electrical connectors than removable memory
devices with a memory controller. In such a situation, when a
removable memory device with a memory controller 1s con-
nected to the memory device, there would be “extra™ exposed
clectrical connectors 1n the memory device that would not
make electrical contact with the removable memory device.

In the mixed hybrid-adapter application, the circuitry 130
1s preferably operative to determine whether or not the con-
nected removable memory device has a memory controller. I
the removable memory device does not have a memory con-

5

10

15

20

25

30

35

40

45

50

55

60

65

6

troller, the circuitry 130 can control read/write operations to
the removable memory device’s memory array. On the other
hand, 11 the removable memory device has its own memory
controller, the circuitry’s 130 read/write control can be
bypassed. The circuitry 130 can make this determination in
any suitable way. For example, as shown in FIGS. 5A and 5B,
the memory device 100 can comprise a switch 500 that 1s
connected to the first and second connectors 110, 120. The
circuitry 130 can send a signal, through the switch 500, to an
clectrical pad of the first connector 110 that 1s only connected
when the removable memory device does not have a memory
controller (e.g., one of the pads on the connector 310C on the
top of the removable memory device (see FIG. 3)). If the
circuitry 130 detects a connection, the circuitry 130 positions
the switch 500 to connect the first connector 110 to the cir-
cuitry 130, so that the circuitry 130 could control read/write
operations to the removable memory device’s memory array
(see FIG. SA). If the circuitry 130 does not detect a connec-
tion, the circuitry 130 positions the switch 500 to connect the
first connector 110 to the second connector 120, so the host
device 300 commumnicates directly with the removable
memory device, thereby bypassing the circuitry 130 and its
read/write control (see FI1G. 5B).

Another example of how the circuitry 130 can make the
determination of removable memory device type 1s shown 1n
FIGS. 6A and 6B. In these figures, a removable memory
device with a controller 1s called a “card,” and a removable
memory device without a controller 1s called a “cartridge.” In
this example, the circuitry 130 makes this determination by
sending a request for information to the removable memory
device 300 when the memory device 100 1s powered-up or
when the removable memory device 300 1s inserted 1nto the
memory device 100. As shown 1n FIG. 6A, the circuitry 130
sends a Card ID Request to the removable memory device 300
and waits for a response (act 610). If the removable memory
device 300 has a memory controller, 1t will send a Response
ID to the circuitry 130 (act 620). The circuitry 130 then
determines that a card 1s present (act 630) and hands over host
interface control to the memory controller 1n the removable
memory device 300 (act 640). FIG. 6B 1llustrates what hap-
pens when the removable memory device 300 does not have
a memory controller. As in FIG. 6 A, the circuitry 130 sends a
Card ID Request to the removable memory device 300 (act
650). Since the removable memory device 300 does not have
a controller, no response 1s sent to this request, and the cir-
cuitry 130 times out (act 655). To ensure that the lack of a
response was not an error, the circuitry 130 again sends a Card
ID Request to the removable memory device 300 (act 660).
Again, the circuitry 130 times out (act 665). After these two
time outs 635, 665, the circuitry 130 determines that there 1s
no response (act 670) and, accordingly, that a memory car-
tridge (not card) 1s present (act 680). The circuitry 130 then
takes control of the host interface to control the read/write
operations to the memory array 305 of the removable memory
device (act 690).

In one embodiment, the memory device 100 takes the form
similar to a current SD™ memory card product but has a
replaceable memory cartridge 1n a form similar to that of a
microSD™ card. In this way, the memory device is the com-
bination of a current memory card based on NAND flash and
a removable cartridge containing a piece of memory without
a controller. Also, a current SD™-to-microSD™ card adapter
can be altered to add built-in flash memory and circuitry to
add full SD™ card functionality with no host-to-card inter-
face changes. As noted above, in order for the memory car-
tridge to share the same form factor as a microSD™ card, the
memory cartridge preferably shares the physical interface of
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a microSD™ card and uses a multiplexer to convert the large
pin out from a memory interface to the greatly reduced pin out
of an SD™ interface. When an actual microSD™ card 1s
connected to the memory device, the memory device prefer-
ably becomes a passive pass-through, allowing the host
device 200 to directly access the microSD™ card and bypass-
ing the memory device’s own electrical and physical inter-
face.

As noted above, one of the uses of a hybrid memory device
1s to allow a user to back-up or archive data stored in the
rewritable built-in memory array 103 to the lower-endurance
memory array 305 1n the removable memory device 300. In
this archive operation, the circuitry 130 can archive both the
data and its associated data structures or just the data (and not
its associated data structures). The choice regarding whether
or not to store associated data structures can be made by the
host device 200, the circuitry 130, or the end-user, for
example. Before turning to these operations, a brief overview
of data structures will be presented.

In a NAND flash memory array, the granularity of an erase
operation 1s much greater than the granularity of a write
operation by the host device 300 (1.e., a physical block is the
smallest erasable entity, whereas the host device 300 may
want to re-write a smaller amount of data). To preserve the
longevity and capacity of the tlash memory, data i1s copied,
consolidated, and moved 1into manageable and uniform units.
After this operation, the original data can be deleted 1n order
to free up space on the memory array without the risk of
losing the data. This process 1s done safely via the use of data
(or control) structures. (The terms “data structures” and “con-
trol structures” will be used interchangeably herein.) Data
structures keep track of data and allow 1ts restoration 1n the
event of power loss or other catastrophic events. A data struc-
ture consists ol indexes and cross-references to physical
addresses of data 1n the memory array 105. Examples of data
structures include, but are not limited to, boot sectors, bit-map
sectors, and “chaotic block™ indices. Each time data 1s writ-
ten, erased, or moved 1n the memory array 105, the data
structures are updated. This mechanism 1s completely trans-
parent to the end user and host device 300.

Consider, for example, the situation 1n which a document
file 1s saved 1n the built-in memory array 105 and 1s now being
edited. Because of the erase nature of flash memory, the data
in the file cannot simply be extracted, changed, and 1nserted
back 1nto its original position, as can be done on a rotating
disk. Instead, the changed data will be appended to the block
of the file and marked with the position of the data it replaces
(see FIG. 7). This data will remain 1n this state until a con-
solidation, at which time 1t would replace the original data.
Until that time, the data i1s considered “chaotic data,” and a
“chaotic block™ index, which provides guidance as to where
to store different pieces of a file in the memory array 105, 1s
part of the data structure for that data

As mentioned above, during an archive operation, the cir-
cuitry 130 can archive both the data and 1ts associated data
structures. This 1s shown 1 FIG. 7. When the removable
memory device 300 1s inserted into the memory device 100,
the circuitry 130 would mterrogate the removable memory
device 300 to detect whether or not data structures are present.
I1 data structures are detected, the circuitry 130 would use the
data structures to manage the data 1n the removable memory
device 300. In such a situation, the circuitry 130 preferably
ignores any data structures in the built-in memory array 103
for the data and uses the data structures in the removable
memory device 300.

Alternatively, the circuitry 130 can archive the data without
its associated data structures (see FI1G. 8). As shown in FI1G. 8,
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when the removable memory device 300 1s removed from the
memory device 100 and re-inserted into the memory device
100 (or mnserted into a different memory device), after the
circuitry 130 does not detect data structures, the circuitry 130
will build data structures from the data (e.g., from mndexing
information stored with the data). Data structures can be
constructed from existing data on the removable memory
device 300 by scanming the data, categorizing 1t, and record-
ing 1ts position. (Alternatively, the circuitry 130 can try to
match the data 1n the removable memory device 300 with the
data structure 1n the built-in memory 103.) This would create
a “chaotic block™ index and provide the circuitry 130 with a
starting point onto which any updates, writes, and erases can
be added to create a history.

While the above examples dealt with the situation 1n which
data 1s placed on the removable memory device 300 via an
archive operation of data previously-stored in the built-in
memory 105, data can be placed on the removable memory
device 300 by another entity. For example, as shown 1n FIG.
9, the data on the removable memory device 300 can be
pre-loaded content (e.g., loaded by the manufacturer of the
removable memory device, loaded by the end user from
another device, etc.) that 1s to be loaded to the built-in
memory array 105. As in the above example, the circuitry 130
could build the data structures from the pre-loaded content, 1f
the data structures were not stored with the content. Also,
pre-loaded content, such as music, video, or GPS maps, for
example, can be accessed directly from the removable
memory device 300 instead of first copying the pre-loaded
content to the built-in memory array 105.

Turming again to the drawings, FI1G. 10 1s an illustration of
an embodiment in which the removable memory device 1s
used 1n a host device, such as an MP3 player 1000 or other
media system. Like some current MP3 players, this MP3
player 1000 has a built-in memory (here, flash memory) 1005,
a slot for an SD™ card 10135, an SD™ host component 1020,
and circuitry (here, a microprocessor) 1030. The SD™ host
component 1020 allows the microprocessor 1030 to commu-
nicate with the SD™ card 1015 using the same protocols as
when communicating with the flash memory 1005. Unlike
current MP3 players, this MP3 player 1000 has a second slot
for a removable memory device, such as an OTP cartridge
1010. As 1n the above embodiments, the OTP cartridge 1010
can be used to archive data stored 1n the flash memory 1005 or
deliver pre-loaded content to the MP3 player 1000.

There are many alternatives that can be used with these
embodiments. For example, instead of having a built-in
memory array and a single connector for one removable
memory device, the memory device can have a plurality of
connectors for a plurality of memory devices. Also, the built-
in memory ol the memory device can be altered so it too 1s
removable and replaceable by a memory of the same (e.g.,
rewritable) or different (e.g., lower endurance) type. As
another example, while the removable memory device 1n the
above embodiments had a lower endurance than the built-in
memory array, the memory array in the removable memory
device can be the same type as the built-in memory array (e.g.,
both rewritable). Additionally, 1nstead of being lower endur-
ance, the memory array 1n the removable memory device can
be lower performance (1.¢., the write and/or read operations to
the memory array 1n the removable memory device are slower
than the write and/or read operations to the built-in memory
array ). Further, 1t should be noted that the removable memory
device can be a rewritable memory array with or without a
memory controller, or a lower-endurance (or performance)
memory array with or without a memory controller. Different
endurance/performance memories are described 1n “Method
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Combining Lower-Endurance/Performance and Higher-En-
durance/Performance Information Storage to Support Data
Processing,” U.S. patent application Ser. No. 11/731,531 and
“Apparatus Combining Lower-Endurance/Performance and
Higher-Endurance/Performance Information Storage to Sup-
port Data Processing,” U.S. patent application Ser. No.
11/731,552, both of which are being filed herewith and are
hereby incorporated by reference. As yet another alternative,
instead of taking the form of a SD™ card, as in some of the
above embodiments, the memory device can take the form of
a USB drive, a memory stick, or any other format.

Some of the following claims may state that a component 1s
operative to perform a certain function or configured for a
certain task. It should be noted that these are not restrictive
limitations. For example, circuitry recited to be operative to
control read/write operations to the removable memory
device’s memory array can be, but does not necessarily have
to be, operative to also control read/write operations to the
built-in memory array. Likewise, a connector recited to be
configured to connect to a certain component (€.g., a remov-
able memory device without a memory controller) can be, but
does not necessarily have to be, also configured to connect to
another component (e.g., a removable memory device with a
memory controller).

It 1s mntended that the foregoing detailed description be
understood as an 1llustration of selected forms that the inven-
tion can take and not as a definition of the invention. It 1s only
the following claims, including all equivalents, that are
intended to define the scope of this mvention. It should be
noted that the acts recited 1n the claims can be performed in
any order—not necessarily in the order in which they are
recited. Finally, it should be noted that any aspect of any of the
preferred embodiments described herein can be used alone or
in combination with one another.

What is claimed 1s:

1. A method for using a memory device with a built-in
memory array and a connector for a removable memory
device, the method comprising:

determining whether a removable memory device con-

nected to a first connector of a memory device comprises
a memory controller, wherein the memory device com-
prises a second connector configured to connect to a host
device and also comprises a built-in memory array;

if 1t 1s determined that the removable memory device does

not comprise a memory controller, using circuitry in the
memory device to control read/write operations to a
memory array 1n the removable memory device; and

if 1t 1s determined that the removable memory device does

comprise a memory controller, using the memory con-
troller to control read/write operations to the memory
array 1n the removable memory device;

wherein when the removable memory device does not

comprise a memory controller, the memory device func-
tions as a hybrid memory device to transier data between
the built-in memory array in the memory device and the
memory array in the removable memory device, and
wherein when the removable memory device comprises
a memory controller, the memory device functions as an
adapter for the removable memory device with the
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memory device acting as a passive pass-through
between the host device and the removable memory
device.

2. The method of claim 1, wherein determining whether the
removable memory device comprises a memory controller 1s
performed by sending a request for information to the remov-
able memory device.

3. The method of claim 2, wherein the request 1s sent when
the memory device 1s powered-up.

4. The method of claim 2, wherein the request 1s sent when
the removable memory device 1s connected to the first con-
nector.

5. The method of claim 1, wherein the built-in memory
array comprises a rewritable memory array, and wherein the
memory array in the removable memory device 1s lower
endurance than the built-in memory array.

6. The method of claim 5, wherein the memory array 1n the
removable memory device comprises a few-time program-
mable memory array.

7. The method of claim 5, wherein the memory array 1n the
removable memory device comprises a one-time program-
mable memory array.

8. The method of claim 1, wherein the memory array 1n the
removable memory device 1s lower performance than the
built-in memory array.

9. The method of claim 1, wherein the built-in memory
array and the memory array 1n the removable memory device
both comprise rewritable memory arrays.

10. The method of claim 1 further comprising: reading
pre-loaded content from the memory array in the removable
memory device; and storing the read pre-loaded content 1n the
built-in memory array of the memory device.

11. The method of claim 10 further comprising reading
associated data structures from the memory array in the
removable memory device and storing them 1n the built-in
memory array of the memory device.

12. The method of claim 10, wherein the pre-loaded con-
tent 1s stored in the built-in memory array of the memory
device without associated data structures, and wherein the
method further comprises constructing data structures from
the pre-loaded content.

13. The method of claim 10, wherein the built-in memory
array comprises a rewritable memory array, and wherein the
memory array in the removable memory device 1s lower
endurance than the built-in memory array.

14. The method of claim 13, wherein the memory array in
the removable memory device comprises a few-time pro-
grammable memory array.

15. The method of claim 13, wherein the memory array in
the removable memory device comprises a one-time pro-
grammable memory array.

16. The method of claim 10, wherein the memory array in
the removable memory device 1s lower performance than the
built-in memory array.

17. The method of claim 10, wherein the built-in memory
array and the memory array 1n the removable memory device
both comprise rewritable memory arrays.
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